The authors present an evaluation of an elevation class scheme applied in the Community Earth System Model 1.0 (CESM1.0). The elevation class scheme allows CESM to simulate surface processes at a sub-grid scale, and allows for interaction between the surface and the atmosphere on the CESM gird scale after surface fluxes are integrated on the CESM grid. The authors mainly focus on comparing gradients of energy and mass balance components at the sub-grid scale with gradients from the RACMO2.3 RCM, a leading RCM used to simulate surface mass balance (SMB) over the Greenland ice sheet. CESM captures gradients of SMB effectively as compared with RACMO2.3 but SMB and surface energy balance (SEB) components are not captured as effectively. Biases in these components tend to compensate for each other, resulting in the effective simulation of SMB gradients. The authors also find that implementing the elevation class scheme influences the simulation of regional climate around Greenland in CESM.
2. The authors discuss some gradients for which scatter plots are not included. It would be helpful if the authors could provide additional figures for e.g. downward and upward shortwave and longwave radiation, snow accumulation and refreezing. These figures could be included as additional panels in Figures 1 and 2 or supplemental figures at the authors' discretion. 3. It is not clear in the text that the SEB terms are computed for JJA, while SMB terms are computed annually. The authors should make this difference clear in the methods and results sections.
Specific Comments
1. Figure 1 : Though not essential, it would be helpful if the authors add text or a legend on one of the figures to show that black is RACMO2.3 and blue is CESM1.0. Also it would be helpful if the authors specify the sign convention (+ down) in the legend and text. Mention y-axis scale differences in the legend. Also, what is meant by "several summer SEB components". Is only a subset of years used to calculate the gradients? If so this should be made clear in the text. 2. Figure 2 : Again, include a legend on the figure if possible. Mention difference in y-axis scales in the legend. 3. Table 2 : Are the standard deviation values annual values? Please specify. 4. P. 1, Line 5: Change "from RACMO2.3" to "from the RACMO2.3 regional climate model." The model has not been introduced yet. 5. P. 1, Lines 11-12: The topographic smoothing affects the atmospheric simulation, while the elevation class technique cools the surface by another means. It seems the technique doesn't really "correct" the bias, but rather "compensates" for it by correcting a bias associated with the coarse ESM resolution. Is this the case? Please clarify here. 6. P. 2, Lines 24-25: Here the authors might mention that a benefit of the "online" approach is that it is able to capture feedbacks between the downscaled surface simulation and the atmospheric component of the ESM. 7. P. 2, Lines 26-30: As noted above, an elevation class scheme has also been implemented in the NASA GISS ModelE GCM in an "online" manner as discussed by 2. The surface model is run for each elevation class, forced with the downscaled quantities. 3. Surface model outputs are averaged to the ESM grid, weighting for the percentage of each elevation class within each ESM grid cell, and these integrated quantities feed back to the atmosphere. Perhaps these steps can be clarified in the paragraph on P. 3, lines 21-24, and this will make the following material clear, or the text can be revised to mention one step at a time. 10. P. 3, Line 27: How is the weight of each elevation class within a grid cell determined? 11. P. 3, Line 28: I believe "average" is referring to the average surface to atmosphere fluxes, and outputs such as SMB and SMB components, but this is not clear. 12 16 . P. 5, Line 15: Make clear why it is necessary to subtract the average CESM grid value from the RACMO2.3 grid cell values. I think this is to only capture gradients within grid cells, and not at the coarser resolution. 17. P. 5, Line 19: "mean elevation" is confusing. Perhaps use "on the CESM grid". 18. P. 5, Line 23: "..comparison of the downscaled SEB components via EC and RCM" is confusing. It is the gradients that are being compared. Revise to something like "…comparison of SEB component gradients for CESM1.0 ECs and the RACMO2.3 RCM." 19. P. 6, Line 10: Change "opposite gradient" to "opposite elevation gradient" for clarity. 20. P. 6, Lines 16-18: The difference in sign here makes this a bit confusing. Including the longwave components in Fig. 1 or in a supplemental figure would help the reader to easily visualize this. 21. P. 6, Lines 22-23: Suggest changing "null gradients of incoming radiation in the model and weaker albedo gradients" to "a null gradient of incoming radiation in CESM1.0 and weaker albedo gradients than in RACMO2.3, leading to a smaller gradient in net shortwave radiation." Also, I believe this sentence is only referring to shortwave radiation, but this is not mentioned. Please clarify. 22. P. 7, Lines 11-12: What is the value of the gradient for CESM1.0? 23. P. 7, Lines 14-15: Again, it would be interesting to see the figures for snowfall and refreezing. 24. P. 8, Lines 1-3: Not sure what is meant by "non-null variations". It would be clearer to simply note that the albedo gradient increases with increasing lapse rate, as shown in Figure 3 . 25. P. 8, Lines 14-15: Any idea why there is a reversal for the 9.8K/km case? 26. P. 8, Line 19: This is the first time interannual variability is mentioned. Perhaps introduce this with a separate sentence, explaining why interannual variability is interesting in this case and not elsewhere in the study. 27. P. 9, Lines 13-15: This is confusing and should be clarified. I think the authors mean that the mean grid cell elevation is lower than the elevation of the ice sheet, so without ECs, the simulated ice sheet is higher in elevation. This effect was also observed by Alexander et al. (2019). 28. P. 9, Line 27: Any idea as to why incoming longwave radiation changes? 29. P. 9, Lines 29-34: It seems ERA-Interim is used for locations outside of the RACMO2.3 domain? Please make this clear. Also specify here which fields are compared. 30. P. 9, Line 33: change "as with RACMO2.3" to "as differences with RACMO2.3" for clarity. 31. P. 10, Lines 4-5: Other studies (e.g. Vizcaino et al., 2013; Alexander et al., 2019) have evaluated the EC method at the coarse resolution but not at a higher resolution as done here. This should be clarified here. 32. P. 10, Line 6: "Linear fits" of what? Please clarify. 33. P. 10, Line 22: Change "enables to explore the interaction with" to "enables exploration of the interaction between the high-resolution surface simulation and…" 34. P. 10, Line 25: Change "to RCM" to "to the RACMO2.3 RCM". 35. P. 11, Line 25: It could be that improving representation of physical processes at the elevation class scale will allow for a better identification of the optimal lapse rate. This could be mentioned here, if the authors agree. 36. P. 11, Line 32: Clarify "for radiation", e.g. "for apparent biases in gradients of net radiation" 37. P. 12, Line 11: Clarify "more adequate".
